
EAS Ocean Modeling   |   Homework #1      Coriolis

Part A

Below are the equations for inertial motion (see chapter 2 of Cushman-Roisin).

50 CHAPTER 2. THE CORIOLIS FORCE

The coefficient f is called the Coriolis parameter, whereas f∗ has no traditional name and
will be called here the reciprocal Coriolis parameter. In the Northern Hemisphere, f is
positive; it is zero at the equator and negative in the Southern Hemisphere. In contrast, f∗
is positive in both hemispheres and vanishes at the poles. An examination of the relative

importance of the various terms (Section 4.3) will reveal that, generally, the f–terms are
important, whereas the f∗–terms may be neglected.

Horizontal, unforced motions are described by

du

dt
− fv = 0 (2.23a)

dv

dt
+ fu = 0 (2.23b)

and are still characterized by solution (2.12). The difference resides in the value of f , now
given by (2.21). Thus, inertial oscillations on Earth have periodicities equal to 2π/f =
π/Ω sinϕ, ranging from 12 h at the poles to infinity along the equator. Pure inertial oscilla-
tions are, however, quite rare because of the usual presence of pressure gradients and other

forces. Nonetheless, inertial oscillations are not uncommonly found to contribute to observa-

tions of oceanic currents. An example of such an occurrence, where the inertial oscillations

made up almost the entire signal, was reported by Gustafson and Kullenberg (1936). Cur-

rent measurements in the Baltic Sea showed periodic oscillations about a mean value. When

added to one another to form a so-called progressive vector diagram (Figure 2-10), the cur-

rents distinctly showed a mean drift, on which were superimposed quite regular clockwise

oscillations. The theory of inertial oscillation predicts clockwise rotation in the Northern

Hemisphere with period of 2π/f = π/Ω sin ϕ, or 14 h at the latitude of observations, thus
confirming the interpretation of the observations as inertial oscillations.

2.6 Numerical approach to oscillatory motions

The equations of free motion on a rotating plane (2.11) have been considered in some detail

in Section 2.3, and it is now appropriate to consider their discretization, as the corresponding

terms are part of all numerical models of geophysical flows. Upon introducing the time

increment∆t, an approximation to the components of the velocity will be determined at the
discrete instants tn = n∆t with n = 1, 2, 3, ..., which are denoted ũn = ũ(tn) and ṽn =
ṽ(tn), with tildes used to distinguish the discrete solution from the exact one. The so-called
Euler method based on first-order forward differencing yields the simplest discretization of

equations (2.11):

du

dt
− fv = 0 −→

ũn+1 − ũn

∆t
− f ṽn = 0

dv

dt
+ fu = 0 −→

ṽn+1 − ṽn

∆t
+ fũn = 0.

The latter pair can be cast into a recursive form as follows:

1. Solve the equations numerically in MATLAB using the following schemes: Euler 
forward, Euler implicit and a centered scheme. Plot and compare the numerical solutions 
to the analytical solution, and discuss the differences between the schemes (e.g. stable vs. 
unstable vs. conservative). 

2. Make a plot of the trajectories [x(t), y(y)] for the different schemes. Do the trajectories 
undergo perfect circles? Discuss the result.

Part B

1. Repeat the same exercise Part A using the Regional Ocean Modeling System. In order 
to do this you will follow some of the tutorials: http://www.oces.us/eas-ocean-modeling/
ROMS-Tutorial/tutorials.html. Learn how to login on the training cluster. See Section 1 of 
modeling tutorials (note: you need to complete your account request if you have not done 
it already). Now follow the tutorials of Section 2 & 3 to get an overview of ROMS code, 
compiling and running jobs on the cluster, and to learn how to configure the inertial 
oscillation example.

2. Now repeat this problem but add a mean background velocity to the equation of motion. 
How do the trajectory change? 

3. Now repeat this problem with no background velocity but some diffusion on the 
equations of motion. How do the trajectory change?
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